ABSTRACT The interaction between corn particle size and feed additives as it pertains to broiler live performance has been overlooked. This study evaluated the effects of corn particle size and refined-functional carbohydrates (RFC; 100 g/MT) on live performance and Salmonella prevalence in coccidiosis-vaccinated broilers. The following treatments were applied: fine corn (FC), coarse corn (CC), FC+RFC, CC+RFC, and CC+SAL (salinomycin). A natural, non-experimental necrotic enteritis (NE) outbreak began at 12 D of age, and mortality was impacted by dietary treatments. The use of RFC was observed to increase NEassociated mortality compared to broilers fed CC+SAL (P ≤ 0.10). At 19 D, greater than 50% of all broilers were found to be Salmonella-positive; however, at 48 D the use of RFC was shown to decrease cecal Salmonella prevalence. Although differences in early mortality were observed, coccidiosis-vaccinated broilers fed CC or CC+RFC exhibited similar BW and FCR as broilers fed CC+SAL at 48 D (P ≤ 0.05). These data suggested that CC use after 10 D may provide value in a production system free of antibiotic growth promoters and coccidiostats by ameliorating live performance losses associated with coccidiosis vaccination. Further research is warranted to determine how RFC and CC specifically affect Eimeria cycling and the immune response following coccidiosis vaccination and an NE challenge.
INTRODUCTION
The objective of commercial broiler production has been the provision of safe and affordable protein products to consumers. Although the poultry industry has generally achieved this objective with considerable success, the advent of antibiotic-free (ABF) or "no antibiotics ever" (NAE) production systems has challenged the poultry industry. Antibiotics have been provided to broilers to mitigate challenges associated with the proliferation of Salmonella spp, Escherichia coli, Campylobacter spp, and Clostridium spp. (Singer and Hofacre, 2006; Castanon, 2007) . In addition to avian health concerns, all of these microorganisms have also been shown to have detrimental human health impacts (United States Department of Agriculture, 2011 (CDC, 2016) . The most troublesome of these bacteria in commercial broilers has been Clostridium perfringens, which has caused necrotic enteritis (NE) in broilers (Caly et al., 2015) . An increase in carcass condemnation due to liver lesions was correlated with increased incidence of NE, suggesting that NE damage to the intestine could predispose flocks to infection of other pathogens such as Salmonella, E. coli, and Campylobacter (Lovland and Kaldusdal, 1999) . Therefore, there has been a need to identify alternative practices to mitigate the risk of gastrointestinal tract (GIT) colonization and carcass contamination by pathogenic bacteria to prevent both animal and human illness.
There have been numerous products promoted as antibiotic replacements (Hume, 2011; Huyghebaert et al., 2011; Caly et al., 2015; Gadde et al., 2017) . None of these, alone, are likely to support such claims without being classified as an antibiotic and no longer be acceptable for use in ABF, NAE, organic, or other similar production programs. However, certain products have demonstrated usefulness as niche players in the ABF era. One such class of products has been refined functional carbohydrates (RFC; Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ). RFC 1 are the remaining fractions of yeast that have been subject to multiple hydrolyses and are characterized by a high proportion of exposed D-mannose sugars (Walker et al., 2017) . These D-mannose sugars have demonstrated an ability to sequester type I fimbriated bacteria such as Salmonella (Firon et al., 1983; Oyofo et al., 1989; Grzymaj lo et al., 2010) . As such, the use of RFC in poultry diets was thought to be a reasonable avenue to control Salmonella and previous research has demonstrated support for this hypothesis (Spring et al., 2000; Walker et al., 2017 Walker et al., , 2018 . In addition to binding Salmonella, evidence suggests that RFC may reduce intestinal lesions caused by the protozoan species Eimeria, the ubiquitous agent responsible for coccidiosis in the GIT of broiler chickens, by modulating mucosal immunity (Gómez-Verduzco et al., 2009) or by interfering with oocyst life cycle and invasion (unpublished data). Coccidiosis has been an extremely costly disease and its control has proven vital to successful poultry production (Williams, 1999) . While coccidiosis has not been controlled by antibiotics per se, it has been controlled by ionophores that possess antibiotic activity. As a result, the use of ionophores has been banned in many ABF or similar production programs. Coccidiosis vaccination has dramatically increased in the wake of ionophore removal and has generally achieved the goal of preventing clinical coccidiosis in broilers (Peek and Landman, 2011) . However, coccidiosis vaccines function via controlled exposure and contain live Eimeria oocysts that infiltrate the mucosa of the GIT, causing damage that has been shown to be permissive to the onset of secondary microbial infections (Williams, 2005) . Specifically, coccidiosis vaccination can result in NE caused by the opportunistic pathogen, C. perfringens. Therefore, if RFC can alter the life cycle of Eimeria to prevent the opportunism of C. perfringens and control Salmonella, it could achieve a prominent role in ABF poultry production.
Although additives such as RFC have demonstrated the potential to provide value in poultry feeds, complete elimination of antibiotics has and will continue to require a multifaceted approach. Aside from necessary evaluations of biosecurity protocols, stocking density, lighting programs, and nutrition regimens, the non-nutritional interaction between feed milling applications and GIT health has also warranted consideration. The impact of feed milling applications on broiler health was not a novel idea. These interactions have largely been considered in the realm of feed sanitation. Pelleting, extrusion, and hygeinizers have all been used to manufacture a feed that was free of pathogenic microbes. However, the grinding process has also been shown to have non-nutritional, or perhaps extra-nutritional, effects on the GIT of broilers that could potentially reduce the risk of an enteric challenge. Finely ground corn has typically been utilized in broiler diets to attain optimum pellet quality. However, recent data have suggested that the use of coarse corn (CC) does not significantly impact pellet durability in ways that would be detrimental to broiler live performance (Dozier et al., 2006) . As it pertains to the effects on the GIT, the use of CC has consistently been shown to increase gizzard musculature, reduce the pH of the proventriculus and gizzard, and increase GIT transit time (Rougiere et al., 2009; Rougière and Carré, 2010; Singh et al., 2014) . Recent research has suggested additional digesta retention time in an acidic environment to facilitate grinding of coarse grains could inhibit the proliferation of pathogenic microbes such as Salmonella, Campylobacter, and Clostridium (Huang et al., 2006; Santos et al., 2008; Singh et al., 2014) . Furthermore, the use of CC in broiler diets has been shown to reduce the amount of nitrogen and moisture in the litter; both of which, in excess, have been shown to challenge bird health and increase bacterial proliferation (Xu et al., 2015 (Xu et al., , 2017 . Therefore, it was reasonable to hypothesize that the feed mill application of grinding could potentially impact broiler GIT health.
To effectively deliver safe and affordable broiler meat, poultry producers had been re-evaluating decades-old practices to maintain their prior standards of efficient production. Interactions between various practices that were once not likely to be considered must now be evaluated. The following study evaluated the interactive effects of RFC (a feed additive employed to sequester Salmonella) and CC (a known modulator of GIT morphology) on the productivity of coccidiosis-vaccinated broilers. Under the premise that the morphological effects of CC on gizzard development and GIT transit time would increase the Salmonella-binding capabilities of RFC, it was hypothesized that the combination of RFC and CC would act additively to reduce the number of Salmonella-positive broilers and improve live performance.
MATERIALS AND METHODS
The trial was conducted in accordance with the principles and specific guidelines of the Guide for the Care and Use of Agricultural Animals in Research and Teaching (FASS, 2010) and approved by the NCSU Institutional Animal Care and Use Committee.
Experimental Design
The dietary inclusion of CC was compared to fine corn (FC) inclusion in coccidiosis-vaccinated broilers. Corn particle size was evaluated in combination with diets in which RFC was included at 100 g/MT in the diet or absent from the diet, which resulted in a 2 × 2 factorial arrangement. A fifth treatment diet containing CC and salinomycin (SAL; Sacox 60, Intervet/Merck; Millsboro, DE) served as a control. The 5 treatments were described as follows: FC, CC, FC+RFC, CC+RFC, and CC+SAL. For the CC treatments, coarsely ground corn was included as a percentage of the total corn in the diet and was increased with each feed phase progression. The CC was included as 0% of the prestarter diet (0 to 10 D), 15% of the starter diet (11 to 19 D), 30% of the grower diet (20 to 35 D), and 45% of the finisher diet (36 to 48 D). The RFC was included at a rate of 100 g/MT in all dietary phases for appropriate treatments.
Feed Manufacturing
The study consisted of 4 dietary phases: prestarter, starter, grower, and finisher. A common basal diet (Table 1 ) was formulated and mixed at each phase for further manufacturing of treatment feeds. The basal diet for each phase was batched and mixed for 180 s without feed additives, poultry fat, and without 15, 30, or 45% of the total corn in the starter, grower, and finisher diets, respectively (Twin-shaft Counterpoise Ribbon Mixer, Model TRDB126060, Hayes & Stolz, Fort Worth, TX). Following the dry mix, the basal diets were stored in overhead bins. Treatment diets were then batched and mixed from the basal diets. For each treatment diet, the appropriate amount of salinomycin (55 g/MT), RFC (100 g/MT), CC, and/or FC was added on top of the basal diet in the mixer for each respective diet. Following the addition of the respective amount of salinomycin, RFC, FC and/or CC, each diet was subjected to a 180 s dry mix prior to poultry fat addition followed by a 90 s wet mix. After mixing, each diet was then conditioned (Single Pass Conditioner, Model C18LL4/F6, California Pellet Mill, Crawfordsville, IN), pelleted (30 HP Pellet Mill Model PM1112-2, California Pellet Mill, Crawfordsville, IN), cooled (Counter-flow Cooler, Model VK09 × 09KL, Geelen Counterflow USA, Inc, Orlando, FL), crumbled (prestarter only; Crumbler. Model 624S, Roskamp Champion, Waterloo, IA), and bagged. The FC portion of all diets was manufactured with a hammer mill equipped with 2 × 2.4 mm (6/64") screens. A geometric mean diameter (d gw ) of 1,400 μm was targeted and achieved for CC by grinding with a double-pair roller mill with gaps set to be 45% open on top and 30% open on bottom. The particle size distribution of CC, FC, SBM, and finished feeds prior to pelleting (Figure 1 ) was confirmed by dry sieving with a flow agent (Stark and Kalivoda, 2016) .
Broiler Husbandry
Ross 708 X YPM chicks were hatched from eggs collected from a resident broiler breeder flock at the North Carolina State University Chicken Education Unit (CEU). After hatching, chicks were feather sexed to obtain male broiler chicks utilized for this study. All broilers were vaccinated against coccidiosis in the hatchery. Coccidiosis vaccination was achieved by spray-bottle application of 21 mL of a 2X solution of a commercially available vaccine (Coccivac B-52, Merck Animal Health, Madison, NJ) to groups of 75 male broilers for a final vaccine dosage of 2.25X. According to the vaccine label, 21 mL of a 1X vaccine solution was intended for 100 chicks; thus, 21 mL of a 2X solution provided a 2.25X dose for 75 broilers. Following vaccination, broilers were placed under light in a room with an air temperature of 35.5
• C (96 • F) for 2 h prior to placement in floor pens. After the 2-h holding period, a total of 720 male broilers were placed into forty 1.2 m x 1.8 m floor pens yielding 8 replicates per treatment. At placement, each floor pen was equipped with 1 tube feeder, 1 bell-type drinker, 1 supplemental drinker, and 2 supplemental feed trays. One supplemental feed tray and the supplemental drinker were removed at 7 D, and the second supplemental feed tray was removed at 10 D. Prior to placement, 0.454 kg/bird of prestarter feed was allotted, 0.907 kg/birds alive of starter feed, and 2.72 kg/bird alive of grower feed were added to each tube feeder at 0, 10, and 20 D of age, respectively. Finisher feed was added to each tube feeder at 35 D and was fed until the termination of the study at 48 D. In each dietary phase, the amount of feed supplied to each replicate pen was controlled and adjusted when mortality occurred to avoid confounding effects of mortality on feed intake. This ensured each replicate pen had similar access to each dietary phase following complete intake of the previous diet. To maintain uniform and adequate feed flow, tube feeders were shaken once per day from 0 to 14 D and twice per day thereafter. Floor temperature at chick placement was 35.5
• C (96 • F) and was reduced to 32.2
• C (90 • F) 24 h after all chicks had been placed. Air temperature was reduced daily until 
Data Collection
Group BW and feed intake (FI) were recorded at placement, 10, 19, 27, 35, 41 , and 48 D of age for calculation of average BW and average FI per bird for each replicate pen. With the BW of any deceased or culled birds included, total BW gain and total FI for each pen were used to calculate mortality-adjusted feed conversion ratio (FCR) during each dietary phase.
At 19 D, 2 birds were randomly selected from 2 predetermined pens assigned to each treatment to measure proventricular weight and pH, gizzard weight, and pH of digesta at the apex of the duodenal loop and at Meckel's diverticulum. Selected birds were euthanized by cervical dislocation. The pH of digesta was measured with a portable pH meter (Oakton pH 11, Oakton Instruments, Vernon Hills, IL) by making a small incision in the tissue of each sampling location and inserting the spear-tip probe. Following pH measurements, the gizzard and proventriculus were excised, separated, opened, rinsed free of digesta, blotted dry, and weighed individually. This process was repeated at 36 D, but only gizzard and proventriculus weights were recorded at this time. At 48 D, one bird representative of the house-average BW was selected from each of the pens that had not been previously sampled, a total of 6 birds per treatment, for analysis of gizzard and proventriculus weights.
Instead of challenging birds with Salmonella, the prevalence of naturally occurring Salmonella was determined at 19 and 48 D. This was achieved through aseptically excising the ceca of the sampled birds prior to the removal of the previously mentioned organs. The ceca were placed into sterile sampling bags and stored on ice until sample collection was complete. At 19 D, the ceca from 2 birds from the same pen were pooled to provide enough substrate for Salmonella detection whereas at 48 D, the ceca from birds were tested individually. Samples were subject to preparation, incubation, and analysis by an enzyme linked fluorescence assay utilizing the VIDAS 30 instrument (Multiparametric Immunoassay Instrument, BioMériux, Inc; Marcy-l'Étoile, France) as previously described by Walker et al. (2017) . All presumptive positive samples were confirmed to be viable with Rapid Salmonella Agar (Bio-Rad Product #3563961, Hercules, CA 94,547) and XLT-4 media (Oxoid Product #CM1061, Hampshire, United Kingdom). According to the manufacturer's instructions, the level of detection limit (LOD) for poultry fecal samples utilizing these methods was 0.9 colony-forming units (CFU) per 25 g of sample with a confidence interval of 0.5 to 1.5 CFU. This was compared to conventional plating of the same sample type, which was found to be 1.0 CFU per 25 g of sample with a 0.6 to 1.5 CFU confidence interval. Isolate serotyping was conducted by the United States Department of Agriculture National Veterinary Services Laboratories (Ames, IA).
Statistical Analyses
Simple means of the CC, FC, FC+RFC, CC+RFC, and CC+SAL treatments were analyzed using the Standard Least Squares ANOVA of the Fit Model platform of JMP 13.2.1 from SAS (SAS Institute, Cary, NC) software, where Y ij = μ + A i + . For Salmonella prevalence data, the PROC FREQ function of SAS was utilized to identify statistical differences. Differences were considered statistically significant when P ≤ 0.05, and significantly different means were separated using Student's t-test in JMP 13.2.1. A total of 40 pens were utilized in this study, and each was considered an experimental unit resulting in n = 8 for each treatment.
RESULTS

Necrotic Enteritis Mortality
All broilers in the current study were vaccinated against coccidiosis, including those that eventually received dietary salinomycin, and placed on fresh pine shavings. Although this study was not designed to serve as a model for secondary NE infection, coccidiosis vac- 
Proventriculus
Duodenum Ileum cination along with other experimental conditions likely produced the natural NE episode that began at 12 D. Given the unexpected and erratic nature of the NE episode, lesion scoring was not conducted. However, standard necropsy of all deceased birds throughout the study allowed for binary diagnoses of individual mortality as "NE" or "not NE." The NE mortality was observed to peak at 16 D and persist through 28 D. During the peak of this outbreak (11 to 19 D), mortality was observed to be minimal in broilers that consumed diets that contained SAL but was increased in broilers fed FC+RFC and CC+RFC while numerically intermediate mortality was observed in broilers fed FC or CC without any feed additives (P ≤ 0.10; Table 2 ). During the week following peak mortality, NE mortality persisted in broilers fed FC or CC alone more so than the other treatments, but differences were not significant. Compared to broilers fed CC+SAL, cumulative NE mortality was increased in broilers fed FC, FC+RFC, or CC+RFC. Broilers fed CC alone exhibited intermediate NE mortality. At 19 D, reduced proventricular pH was observed in broilers fed RFC (P ≤ 0.05; Table 3 ). Reduced pH of GIT digesta has been associated with increased severity of coccidiosis and NE (Williams, 2005) .
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Broiler Live Performance
Broiler live performance was not persistently impacted by the NE outbreak. During the prestarter phase (0 to 10 D), broilers fed RFC exhibited increased BW gain because of improved FCR compared to broilers fed SAL and broilers fed diets that did not contain any feed additives (P ≤ 0.01; Table 5 ). These data contradicted data that suggested broiler live performance was negatively impacted by 100 g RFC/MT early in growth when using a coccidiostat (unpublished data). Although data have been limited on this subject, the impact of RFC on broiler live performance may be dependent upon coccidiosis control program or the level of enteric challenge that may be present. Further research is warranted. However, as expected, the growth associated with RFC use was marred by NE during the starter phase (11 to 19 D). During the starter phase, broilers fed CC+SAL exhibited improved FCR compared to all other treatments (P ≤ 0.01; Table 6 ). Despite poor FCR among the broilers not fed SAL, BW gain was not significantly different between the different treatments, apparently due to numerically increased FI during this period. Differences in FCR have previously been observed between broilers fed SAL and vaccinated broilers, and these differences were exacerbated by the incidence of NE during the current study. During the grower phase (20 to 35 D), broilers fed CC+RFC exhibited increased BW gain compared to FC+RFC with all other treatments intermediate. The reduced BW gain exhibited by broilers fed FC+RFC was attributed to a combination of reduced FI and poorer FCR (P ≤ 0.05; Table 6 ). The poorer FCR exhibited by the broilers fed FC+RFC during the grower period caused cumulative FCR to be worse in this group through 35 D compared to broilers fed CC, CC+RFC, and CC+SAL with FC intermediate (P ≤ 0.05; Table 7 ). During the finisher phase (36 to 48 D), broilers fed FC alone exhibited numerically poorer FCR compared to broilers fed CC+RFC and CC+SAL (P ≤ 0.10; Table 6 ). Although not significant, it was observed that broilers fed CC+RFC consumed more feed and gained more BW than broilers fed FC+RFC (Table 6 ). In contrast, broilers fed CC alone consumed less feed but gained a similar amount of BW as broilers fed FC, due to numerically improved FCR, confirming an interaction between corn particle size and RFC. Cumulatively through 48 D, broilers fed CC+SAL exhibited improved FCR compared to broilers fed FC alone or FC+RFC (P ≤ 0.05; Table 7 ). Broilers fed CC alone or CC+RFC exhibited statistically similar FCR as broilers fed CC+SAL and similar BW was observed. The relative gizzard and proventriculus weights appeared to be consistently unaffected by corn particle size (Table 4) . It can be assumed that the unexpected outbreak of NE attributed to increased variation among the treatments, but even so, previously observed effects of CC were still apparent. Therefore, it is concluded that the use of CC after 10 D in broiler diets can provide value late in the growth period of coccidiosis-vaccinated broilers despite an enteric challenge.
Salmonella Prevalence
Although RFC was shown to impact live performance temporally throughout the study, the primary objective of RFC employment has been Salmonella control. Evaluation of broiler ceca for the presence of Salmonella at 19 D did not reveal significant differences between the treatments (Table 8 ). It was possible that the NE outbreak permitted Salmonella proliferation beyond what could be feasibly controlled with standard sanitation and management. However, at 48 D the incidence of Salmonella was shown to be reduced compared to 19 D. Broilers fed FC+RFC were not found to contain Salmonella-positive ceca at 48 D, whereas Salmonella was isolated from ceca of broilers fed FC alone (P ≤ 0.05; Table 8 ). Previous data have suggested that the use of CC may inhibit Salmonella proliferation (Huang et al., 2006; Santos et al., 2008) , but this study did not support those previous findings. However, CC+RFC was found to reduce the number of Salmonella-positive broilers compared to CC alone or CC+SAL. Serotyping revealed positive broilers harbored Salmonella Senftenberg, which RFC were able to reduce the natural proliferation of in a previous study (Walker et al., 2018) . These data suggested that when broilers were subject to an enteric challenge, immunological defenses could have been overwhelmed, allowing for Salmonella proliferation. These data further demonstrated that broilers limit Salmonella infection with endogenous immune defenses as they age and that the use of RFC can further reduce the prevalence of Salmonella-positive ceca in coccidiosis-vaccinated broilers.
DISCUSSION
This study investigated the interaction of corn particle size, coccidiosis vaccination, and use of a novel yeast-derived feed additive (RFC) as they pertained to broiler live performance and Salmonella incidence. Intestinal damage caused by coccidiosis vaccination has been shown to permit the opportunism of C. perfringens and initiate the onset of NE (Williams, 2005) . The risk of NE has been observed to be greater in broilers reared on fresh shavings in commercial production (Hofacre et al., 2018) . As such, it was not a surprise that a natural NE episode began at 12 D. Improved FCR and BW gain from 0 to 10 D and reduced Salmonella prevalence despite increased NE mortality in broilers fed RFC was peculiar. However, the immune response elicited by yeast-based products similar to RFC could explain these apparently contradictory findings. Yeast-derived products, such as RFC, contain varying levels of beta-glucans (BG), mannan-oligosaccharides (MOS), D-mannose, and other non-starch polysaccharides (NSP). These components of yeast cell wall have been considered potent immunomodulators, especially BG (Soltanian et al., 2009; Hernandez-Chavez et al., 2017) . In broilers, this immunomodulation has involved the stimulation of proinflammatory cytokines, goblet cell proliferation, and increased mucin secretion (Baurhoo and Phillip, 2007; Santos et al., 2007; Baurhoo et al., 2009; Yitbarek et al., 2012) . Experimental coccidiosis infection or coccidiosis vaccination has also been shown to upregulate pro-inflammatory cytokines, goblet cell proliferation, and mucin secretion. Shanmugasundaram et al. (2013a) described this phenomenon and noted that the proinflammatory response of broilers during coccidial infection was further upregulated by the dietary inclusion of a yeast-derived product. This altered immune response was shown to be associated with reduced coccidiosis severity and improved live performance (Shanmugasundaram et al., 2013b) . Other researchers have also noted improved live performance of vaccinated broilers or broilers challenged with coccidiosis when fed a yeast-derived product (Stanley et al., 2004; Nollet et al., 2007; Gao et al., 2008; Gómez-Verduzco et al., 2009; Chand et al., 2016) . The observed improvement in RFC-fed broilers from 0 to 10 D could be explained by stimulation of the immune system in a way that mitigated the coccidiosis infection. However, the mucogenic immune response associated with coccidiosis has been shown to permit the opportunism of C. perfringens (Collier et al., 2008) . Thus, the proposed RFC-induced exacerbation of the innate immune response elicited by coccidiosis vaccination could explain why performance was improved early but NE mortality was increased. Similar to the results presented herein, Krueger et al. (2017) noted improved live performance in coccidiosis-vaccinated broilers that were fed a yeast-derived product. However, following an experimental C. perfringens challenge, mortality was increased among these broilers. Other researchers have also noted adverse reactions to C. perfringens in broilers that received a yeast-derived product. Alizadeh et al. (2016) observed worsened FCR and increased mortality in Clostridium-challenged broilers. Similarly, increased mortality was observed when broilers were fed purified BG or MOS, but mortality was unaffected when they were simultaneously provided (Hashim et al., 2018) . Although mortality was not improved by the simultaneous inclusion of BG or MOS, this suggested some synergism between the 2 yeast components and yeastcell wall components shielded one another from host recognition (Hernandez-Chavez et al., 2017) . In most yeast-derived feed additives, BG and MOS are both present in various concentrations. In agreement with Hashim et al. (2018) and supportive of the apparent synergism between MOS and BG, most studies have demonstrated that yeast-derived products had no effect on Clostridium-challenged broilers (Hofacre et al., 2003; Sims et al., 2004; Thanissery et al., 2010; Tian et al., 2016; Liu et al., 2018) . The variable effect of yeast-derived products in Clostridium-challenged broilers could be attributed to the methods of challenge application and the relative concentrations of BG, MOS, and other yeast-cell wall components.
Despite the apparent variability within the literature and the potential for NE to proliferate in response to yeast-induced mucogenesis, yeast-derived feed additives are often referred to as antibiotic replacements or prebiotics. They are noted as such because additives such as RFC have been shown to reduce Salmonella colonization of the GIT by way of lectin-mannose interactions (Walker et al., 2017) . However, it has been reported that this mechanism of bacterial control had no direct interactions with C. perfringens (Sims et al., 2004) . Furthermore, proinflammatory, mucogenic host responses similar to those induced by yeast-derived products have also been shown to reduce Salmonella colonization (Belley et al., 1999; Pourabedin et al., 2017) . These responses are not specific to Salmonella and have been shown to reduce the number of non-pathogenic commensal microbes, which could result in the proliferation of other pathogens (Bergstrom et al., 2010) . In fact, researchers have observed that although Salmonella was reduced by the inclusion of yeast-based feed additives, C. perfringens and other gram-positive bacteria were increased (Fernandez et al., 2002; Pourabedin et al., 2017) .
In summary, improved FCR in young coccidiosisvaccinated chicks followed by increased NE mortality could potentially be explained by the proinflammatory response elicited by the components of RFC-a hypothesis supported by immunological studies conducted with other yeast-derived feed additives. This was apparently beneficial during the initial coccidiosis response but detrimental during the subsequent NE challenge. It was important to note that improved early live performance following coccidiosis vaccination, Salmonella reduction, and increased NE mortality in RFC-fed broilers were necessarily contradictory. Instead, the control of these challenges may require different temporal approaches and will require the development of strategic feed additive management programs. Further research should be conducted to elucidate these interactions and the mechanisms by which they occur. With regards to CC, these data demonstrated that CC can be increased as broilers aged with no negative effect on live performance following an enteric challenge.
